vim

———— e

 ——

y'n \— - “.: " . N : ." B . '.' i
o ) . s ’ . . //(‘ ’ . e C e \
. S N A N ' T
L] LY " a L : t et ¥ ' ‘ el ’.FT 3
'x‘: . VL .
- L e »:>// PUBLIC RELEASE JUNE 13, 1978
. P . o .
Y . - - M N - N I' - A
oo o i ) L PR ,J" ] coe )
~ , N ».. d s ! .~ >
NN ) . - -y » L. s
A ¢ ' ’ . ‘
/':'*;—-‘ ' ! H [N ‘ ] N /
’ . i
‘ s 1
. & : '
. . ! N & A AR b
“ . ' ’
; < X » 3
" ,

( (NASA~TM-X-2470) WIND~TUNNEL INVESTIGATICN
0 OF BASIC AERODYNAMIC CHARACTERISTICS OF 3
S SUPERCRITICAL-WING RESEARCH AIRPLANE

-C CONFIGURATION (NASAZ) 109 p HC A06/MF 201
N CSCL 014 H1/02

S z AVAILABLE TO U.S. GOVERN
e ’ | P IMENT AGENCIES

’ R
' T coe -
e ] . P
< < ; .
“ ’0 y ™ < » N R [ -
\ .
o e .
. . . ¥, 3
. SRS ¥ SR .
ey oo Lt IS . . P .
IR Y a2 ' 4 LIS S LR " . .
2 " -
P
o i * X ' o =
an . R ) o -
- . B . » . . -
LoV - < . . v +
: . } PN N . .
. . oo ¥
Ve s [ . - 4%
i . ‘ , . . A N o
* - v B ,
t [ ot '

N78-24078

Unclas
20751

3 e N
1 ¥ ~
.
t . ;
s,
Coe,

-~
»
e

¥ |




|
|
|
1
I
|

CHARACTERISTICS OF A SUPERCRITICAL-WING RESEARCH | 6. Performing Organization Code
AIRPLANE CONFIGURATION

7. Author(s) 8. Performing Organization Report No.
Dennis W. Bartlett and Richard J. Re L-7979
10. Work Unit No.
9 Performing Orgar zation Name and Aadress 742-73-01-14

NASA Langley Research Center
Hampton, Va, 25365

11. Centract or Grant No.

13. Type of Report and Period Covered

12, Sponsoring Agency Name and Address Technical Memorandum

National Aeronautics and Space Administration
Washington, D.C. 20546

14. Sponsoring Agency Code

15. Supplementary Notes

16 Abstract

An investigation has been conducted in the Langley 8-foot transonic pressure tunael
and the Langley 16-foot transonic tunnel to determine the aerodynamic characteristics of a
0.687-scale model of a supercritical-wing research airplane configuration at Macl: numbers
from 0,25 to 1.30. The investigation includea tests to determine the basic leagitudinal aero-
dynamic characteristics, the lateral-directional aercdynamic characteristics for sideslip
angles of 00 and 2,59, and the effects of Reynolds number and aeroelasticity.

NGE
CLPSSIFleT 10K CHA

SUBuP‘(T LO GE Lyl

o— a—‘:‘: te QT / /)J u‘ _#—* - \ 1 .,-s -\on N.’\bk
At e 7 e ]
B:j AR ,,/ T e oon itor raointy '
coy {"w(;:\t 1\\'L'u—- - ‘“ oL TpLoLs* A . / o
Linse s fecnnst CLASSIFIED BY.=rz i i

17. Key Words {Suggested by Author(s) )
Transonic aerodynamics

Supercritical airfoil application
TF-8A supercritical wing research airplane

F’;Q. Security Clasuf. (of this report) 20. Security Classif. (ot this page) 21, No. of Pages 22, Price

Unclassified 107

4 This mat anmy ation affec national def of the Umited
Downg tntervals, e mp the espa . Til ocs, 793 ) the trans
sified afto 1 S velation of whi PN any mann an unauthomul n 1s prohibited by law.

=S S e .

) ] e e s TR Tt Bt Toies B et e e T T

. 4 ¥
J‘ﬁ‘l - 1 Sy - b ! ' j f ! 3 l o ’ '.’ '
k ;o o 3 to l Pt i R ' . i
F 3o ] BRI ALt NS | i i ' {_
. 4
s i =
L l r' h [ aud L‘,l L] - "
@. I M Ll TTT/L
1 Report No l 2. Government Accession No. 3. Recipient’s Catalog No.
NASA TM X-2470 |
4. Title and Subtitle 5. Report Date
WIND-TUNNEL INVESTIGATION OF BASIC AERODYNAMIC February 1972

a?

- -

B R N T

TR WY~ T B b et s b, o e o

imne

-

.
. -~ RN

—

S



T
e

A """",i'

)

i
e
o
v
SRS
e ]
S
- —_—
M.
PO
-~ - -~
~
()
el —
= o vem ey
- -
PUDENY
-
——— et

e ek

WIND-TUNNEL INVESTIGATION OF BASIC AERODYNAMIC
CHARACTERISTICS OF A SUPERCRITICAL-WING
RESEARCH AIRPLANE CONFIGURATION™

By Dennis W. Bartlett and Richard J. Re
Langley Research Center

SUMMARY

An investigation has been conducted in the Langley 8-foot transonic pressure tunnel
and the Langley 16-foot transonic tunnel to determine the acrodynamic characteristics of
a 0.087-scale model of a supercritical-wing research airplane at Mach numbers from 0.25
to 1.30. ‘ne investigation included tests to determine the basic longitudinal aerodynamic
characteristics, the lateral-directional aerodynamic characteristics for sideslip ungles
of 0° and +2,59, and the effects of Reynolds number and aeroelasticity.

The results of this investigation indicated a drag-divergence Mach number of about
0.97 to 0.98 for the complete configuration; however, oil-flow photographs of the wing and
wing pressure data indicated that the wing is stili performing well at a Mach number of
0.99. The results also indicated improvements in the pitching-moment characteristics as
the Reynolds number was increased for a Mach number of 0.25. The improved pitching-
moment characteristics (improved in that pitch-up is also delayed to a higher lift coeffi-
cient) indicated at the higher subsonic Mach numbers (M = 0.50 tc 1.00) for the higher
dynamic pressures may be due primarily to increased aeroelasticity effects which tend

to add "wash-out' at the wing tips as both the dynamic pressure and Reynolds number are
increased.

Although pitch-up occurred at each Mach number tested, it was well beyond level-
flight lift coefficients, and the pitching-moment curves became stable again at the higher
angles of attack, The static margin increased with Mach number to about Mach 1.00, but
an attendant increase in the pitching-moment coefficient at zero lift results in a powerful
compensating effect so that little change in trim angle of attack occurs with increasing
Mach number, The lift-curve slope also increased with Mach number up to Mach 1.00

.and then decreased at supersonic speeds, Both directional stability and positive effective

dihedral are indicated for the model at sideslip angles of 0° and :2.5° for Mach numbers

of 0.25, 0.35, and 0.99 and over an angle-of-attack range that varied from approximately
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INTRODUCTION

A unique airfoil, known as the NASA supercritical airfoil, has been under devel-
opment over a period of years., This new airfoil is designed to del.y shock-induced “
boundary-layer separation to Mach numbers and lift coefficients notably higher than those
of conventional sections. These gains are achieved by limiting the upper surface shock
strength through proper shaping of the airfoil section and, therefore, the pressure distri-
bution. Wind-tunnel investigations of an early version of the supercritical airfoil which
incorporated a slot located near the trailing edge indicated significant gains in perfor-
mance. (See refs. 1 and 2.) Consideration of its application to aircraft and the structural
problems asscociated with the slot, particularly the maintenance of close tolerances within
the slot gap, led to the development of the integral (unslotted) supercritical airfcil. (See
refs. 3 and 4.) The integral section in wind-tunnel investigations has also demonstrated
the potential for obtaining significant increases in drag-divergence Mach number and in
achieving high buffet-free maneuver load factors for configurations employing this new

concept.

As “vith any new development, uncertainties exist in the areas of application of
model results to the full-scale case and in the full-scale flying and handling qualities.
‘Therefore, several full-scale 'proof-of-concept' flight research programs have been
initiated. One of these programs, which is being jointly conducted by the Flight and
Langley Research Centers of the NASA, employs a U.S. Navy fighter aircraft (TF-8A) as
a test-bed vehicle for a sweptback supercritical wing designed tor possible future appli-
cation to an advanced transport aircrafi having a cruise Mach number very close to 1.0.

The purpose of this paper is to present results from wind-tunnel investigations of a
near-final version of the T¥-8A supercritical-wing research airplane at Mach numbers
from 0.25 to 1.30, angles of attack from about -8° to 249, and at Reynolds numbers varying
from approximately 15,91 x 106 per meter (4.85 x 106 per foot) at a Mach number of 1.00
o a maximum of 19.95 x 106 per meter (6.08 x 106 per foot) at a Mach number of 0.80.

Included are results showing the basic longitudinal aerodynamic characteristics,
the lateral-directional aerodynamic characterisiics for sideslip angles of 0° and 2,50,
and Reynolds number effects. Also included for illustrative purposes are wing
streamwise-chord pressure distributions at several semispan stations and the corre-
sponding semispan-load distribution for a Mach number of 0,99 and lift coefficient of
0.443. Complete pressure data for tne present investigation are contained in reference .
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SYMBOLS

The results presented herein are referred to the stability-axis system for the lon-

- gitudinal characteristics and the body-axis system {for the lateral and directional char-

All coeffiv . ents are based on the geometry of t*- Hasic wing panel which
(See fig. 1(a).)

acteristics.
" does not include ihe leading-edge glove or the trailing-edge extension,

) Moments are referenced, for consistency, to the quarter-chord point of the mean geo-
metric chord of the basic wing panel. This point is located at model station 0.995 meter
(39.155 inches) as shown in fipure 1(a). Coefficients .nd symbols used herein are defined

as follows:

Le individual duct exit area
A; total model inlet area
b wing span, 114.30 cnt (45.000 inches)
- Drag . .
Cp drag coefficient, , where drag is total measured drag minus base drag
Cpi internal-drag coefficient, Internal drag
. bl qs
. . Lift
) Cy, lift coefficient, -E-S—-
aC
CLa lift-curve slope per degree, Y
¢ rolling-moment coefficient, Rolling moment
qSbh
C ZB rate of change of rolling-moment coefficient with sideslip (effective-dihedral
AC
‘ parameter) per degree, ——‘—l
Ag
Cnm pitching-moment coefficient, Pitching 1:.10111ent
: asc Wit i PAGE
‘ OF PuLh QUALITY
Cm,o pitching-moment coefficient at zero lift
: . : 8cm
Cmc longitudinal stubility derivative,
. L L
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o Yawing moment
yawing-moment coefficient, £

qSh

JURSEISRIE

rate of change of yawing-moment coefficient with sideslip (dircctional-

stability parameter) per degree,

P, -p
pressure coefficient, !

is free-stream static pressure

. . Side force
side-force coefficient, -——-l-s—-——-
)

I\

-——Tl-—f-, where p, is local static pressure and

AC\-
rate of change of side-force caefficient with sideslip per depree, ———

streamwise chord of basic wing panel

mean geometric chord of basic wing panel, 18.08% cm (7,121 inches), defined

. oy
as 2 | 24—

»

P

streamwise chord of total wing planform which includes leading-edge glove

and trailing-edge extension

average chord of basic wing panel,

wing-section normal=foree coefficient, V

is lower surface pressure coefficient and Cp‘“ is upper surface pressure

caefficiont
Mach number of undisturbed stream
total pressure of undisturbed stream

dynamic pressure of undisturbed stream

Reynolds number

.

\PAR
Lo \Cp.l - Lp.

S b, 16.87 em (6,64 inches)

G, ), where €
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Reynolds number per foot

Reynolds number per meter

wing area (basic panels) including fuselage intercept, 0.193 m? (2.075 sq ft)
velanity of flow in duct at the duct exit

velocity of undisturbed stream

mass flow in duct, ;0@‘\79,1-&e

mass-flow ratio of individual duct referenced to half the inlet area,

PeVeAe
P“\V.,oAi / 2

y o\ 1 [
&‘v/ Wa'duet 11 (W/“«“\duct 2]

average mass-flow ratic of the ducts, 3

distance measured from leading vdge of local streamwise chord of basic wing
panel, positive toward wing trailing edge

streamwise wing ordinate measured from leading edge of total streamwise
chord of wing, c¢', pousitive toward wing trailing edge

distance measured spanwise from plane of symmetry, zero at fuselage center
line

vertical wing ordinate measured from model waterline 26.205 ¢m
(10,371 inches)

angle of attack, referred to fuselage reference line, deg

angle of sideslip, referred to fuselage center line (pusitive when nose is left),
deg

vertical wing deflection under load
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horizontal-tail deflection angle, referred to fuselage refercnce line (positive _
when trailing edge is down), deg L

mass density of flow in duct at duct exit

P mass density of undisturbed stream ‘
, |
. Subscript: '
t tip
Abbreviations: .
le. leading edge |
L
t.e. trailing edpe P
L
o
MODEL DESCHIPTION Lo

Basic Model i

Drawings of the 0.087-scale (1/11.5) model are presented in figure 1(a) and several b
model photographs are shown in figure 2. The wing semispan planform layout is shown P
in figure 1(h).

The model wing was mounted at a root incidence angle of 1,59 relative 1o the fuse- |
lage reference line and had a basic-panel (see fig. 1(a)) aspect ratio of 6.8, a basic-pa-el .
taper ratio of 0.36, and 42,24° sweepback at the basic-panel quarter-chord line. The area !
of the basic wing panels including the fuselage intercept is 0,193 m2 (2.0%75 sq ft), and the o
basic-wing-panel mean geometric chord is 18,087 cm (7.121 inches) in length., The 1aodel
wing also incorporates approximately 59 of twist between the root and tip chords (washout). P
The defiection of the model wing along the structural span due to aerodynamic load at a b '
Mach number of 0,99 and a lift coefficieut of 0,429 is presented in figure 3, b

The supercritical-wing ~fuselage juncture employs a leading-edge glove and a - v
trailing-edge extension, (See fig. 1(x).) The present supercritical-wing model also
employs an aft-fuselage area-ruie fairing which is located on top of the fuselage aud
extends from approximately tne wing trailing edpe to the middle of the vertical tail as
shown in the photographs of figure 2. This fuselage addition provides a fairing over the
existing wing-hinge fittings and was designed to improve the cross-sectionl arei progres- ;
sion of the combined fuselage-tail region of the basic airplane, Previous tests {er the ‘
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model without the aft-fuselage addition indicated an earlicr drag divergence which was
found to be associated with the cross-sectional area development for this region of the

model.

The vertical and horizontal tails are scaled versions of those on the basic TF-8A
aircraft. Infact, other than the addition of the supercritical wing (including the leading-

- edge plove and the trailing-edge extension) and the aft-fuselage fairing, the external con~

tours of the basic TF-8A fuselage have not been altered. However, unlike the TF-8A air-
craft which has a single-engine duct, the model was constructed with two ducts which are
split toward the rear of the fuselage to allow room for the model support sting. The
model has a total inlet capture area of 28.387 cm2 (4.4 sq in.) and 2 combined duct exit

area of 31.935 cm2 (4.95 sq in.).

Model Configurations

A configuration schedule with associated test conditions is presented in table I,
Data are presented in this report for configurations 136, 138, and 140; these designations
were used during the developnent tests and are retained here because of their signifi-
cance to the very extensive wind-tunnel research program conducted on the present
supercritical-wing aircraft. The wind-tunnel desipgn program culminated with the three
configurations listed, and of these three, configuration 140 was used as the basis for
establishing the wing and aft-fuselage fairing coordinates for the full-scale airplane,
However, the completed flight vehicle differs from configuration 140 in several ways, and

these differences are discussed in a subsequent section.

Configuration 138 included a modification to the model which provided additional
cross-sectional area in the vicinity of the canopy and the glove-fuselage intersection,
Although this additional cross-sectional area improved the area distribution of the model,
it would have restricted the pilot's visibility: therefore, this modification to the model was
removed, and the resulting configuration was designated 140. In determining configura-~
tion 140, the extension of the wing glove onto the canopy was further reduced from the
original position as employed for configuration 136 which had preceded configuration 138
in the development program. The small part of the glove which extends onto the canopy
is referred to as the "cape' and is shown in the schematic of fipure 1(c). This diagram
of the glove-cape arrangement is representative of confipuration 140,

Although the exact contours for configurations 136 and 138 were not documented,
the only significant difference in basic-model contours between the three configurations
is the variation in glove cross-sectional area in the vicinity of the canopy which has been
discussed, Although configuration 140 is closest to the {light vehicle, the results for con-
figurations 136 and 138 were included since they contain the effects of variation in Reynolds
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number and the higher angle-of-attack data which were obtained in this investigation for

these configurations only.
For configuration 140, the longitudinal development of cross-sectional area taken

normai to the fuselage reference line is presented in figure 4. This area distribution f

includes the total inlet capture area of 28.387 cm? (4.4 sq in.).

DiSSIMILARITY BETWEEN MODEL AND FULL-SCALE AIRPLANE ., 1

The full-scale supercritical wing was constructed from the coordinates presented

in table II. Each set of coordinates has been nondimensionalized by the total streamwise

chord c¢' at each wing station. In order to compensate for the difference in the elastic

properties between the model and full-scale wings, jig offsets were utilized so that under
load, the full-scale wing would conform to the same twist distribution as the model wing

for the design-load conditions (approximately M=10.99 and Cy = 0.40).

Although the wing coordinates were originally taken from configuraticn 140, differ-
ences developed between the model and full-scale wings as a result of lofting and smooth-
ing procedures and because of unexpected changes required during the construction of the
wing and its adaptation to the TF-8A fuselase. Although the differences between the
model and full-scale wing coordinates are felt to be small, other dissimilarities exist
between the present model configurations and the full-scale airplane that would preclude
a direct correlation between the present wind-tunnel results and flight data, These dis-
similarities will be discussed in some detail in the following paragraphs.

The full-scale supercritical wing was lowered with respect to the fuselage by

0.137 ¢cm (0.054 inch) model scale, Whereas the reference water line for the wing coor-

dinates on the present mvodel configurations is 26,343 ¢m (10.371 inches), the referenc.
water line for the full-scile wing would correspond to 26.205 cm (10,317 inches) on the
As a result of lowering the wing, it was necessary to remove a small

0.087-scale model.
This modifi-

amount of area on the lower surface of the wing near the fuselage juncture,
cation is reflected in the full-scale wing coordinates of table II but was not included on the
model wing for the present investigation since the wing was lociated in the higher position,

In the process of mating the rear-fuselage addition to the TF-8A aircraft, its length
was reduced by 1,905 cm (0.75 inch) model scale and it was also slightly modified to
cover completely the exisiuing wing-hinge fittinps which are located near the juncture of
the wing trailing edge and the fuselage.

In addition to the basic contour modifications which bave been noted, several major
itemas have been employed on the full-scale airplane that were not incorporated on the
present model configurations, These include underwing leading-edge vortex generators
(developed in a more recent wind-tunnel investigation), aileron-hinge fairings, and a nose-
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mounted airspeed probe, Smaller protuberances such as camera fairings and lights which
exist un the flight vehicle were also not simulated on the present model configurations.

Although it was not the purpose of this paper to present a basis for a correlation of
the wind-tunnel and full-scale results, it was felt th- the differences which have been
noted between the present model configurations and th2 full-scale aircraft should be doc-
umented. For more recent wind-tunnel investigations, the present 0.087-scale model has
been reodified in an effort to keep the disparity between the wind-tunnel model and the
full-scale aircraft to a minizuum,

TESTS AND CORRECTIONS

Tunnel Descriptions

Most of the investigation was conducted in the Langley 8-foot transonic pressure
tunnel, but a limited amount of supersonic data were obtained in the Langley 16-foot
transonic tunnel,

The Langley 8-foot trarsonic pressure tunnel is a continuous, single-return, rec-
tangular, slotted-throat tunnel having controls that allow for the independent variation of
Mach number, density, temperature, and dewpoint, The stagnation temperature and dew-
point temperature were maintained at values sufficient to avoid significant condensation
effecis. For the present investigation, because of the relatively large size of the model
with respect to the tunnel, the normal tunnel slots (only the tunnel top and bottom walls
are slotted) which give a tunnel-wall open ratio of 6 percent were replaced by special
slots having an open :atio of 22 percent. These latter slots were designed on the basis
of reference 6 to give theoreticallv zero three-dimensional blockage,

The Langley 16-foot transonic tunnel 1s a continuwous, single-return, atmospheric
tunnel with a slotted octagonal throat aid test section which is 4.724 meters (15.5 feet)
wide and 6.7056 meters (22 feet) long. A more complete description of these facilities
is contained in reference 1,

Tunnel Test Conditions

Tests were conducted in the Langley 8-foot transonic pressure tunnel at a stagna-
tion temperature of 322 K (120 F) and over a Mach number range that varied from 0.25
to 1.00, whereas in the Langley 16-foot transonic tunnel, tests were conducted at Mach
numbers from 0.95 to 1.30. Although no atte~.pts were made to correct the data from
the Langley 16-foot facility for condensatiun effects, it is felt that they are small since
the stagnation temperatures ranged from approximately 333 K (140° F) to 341 K (155° F).
However, based on calibrations of the Langley 16-foot transonic tunnel, the test-section-
wall divergence angle is adjusted as a function of aivstream dewpoint in order to eliminate
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longitudinal static-pressure gradients on the test-section center line that might occur
because of condensation of atmospheric moisture at Mach numbers from 1.2 to 1.%,

Where possible, tests were conducted over the Mach number range at a constant
dynamic pressure in the Langley 8-foot transonic pressure tunnel, This procedure in
conjunction with unpublished results for a second supercritical wing, which is geometri-
cally identical but more elastic, would permit aeroelasticity and Reynolds number effects
to be isolated more easily. Furthermore, for a tunnel dynamic pressure of 44 193 N/m2
(923 1b/sq ft), the present steel wing should have approximately the same relative deflec-
tion as the full-scale supercritical wing near a Mach number of 1 at 13.716 xm
(45 000 feet).

The tunnel-test conditions for the present inv:stigation are summarized in table Iil.

Measurements

Six-component force and moment data were obtained by using an electrical strain-
gage balance housed within the fuselage cavity. Measurements were taken over a Mach
number range varying from 0.25 to 1.30 for angles of attack that generally varied from
-80 to 150. However, several runs were made to obtain higher angle-of-attack data, and
this angle-of-attack range varied from approximately 9° to 24%, These higher angle-of-
attack data were obtained by using an offset coupling which is shown in figure 1(d). Force
and moment data were also cbtained through the lower angle-of-attack range for sideslip
angles of 2,59 and -2.59.

For determination of the base drag, the static pressure in the balance chamber and
in the plane of the model base were recorded by use of difierential-pressure transducers
referenced to the free-stream static pressure. In addition, the wing was instrumented
with flush-surface static-pressure orifices distributed in streamwise rows over the upper
right and lower left wing panels, The surface pressures were measured with the use of
differential-pressure scanning-valve units mounted within the fuselage. A sample of
these pressure data are included herein for a Mach numher of 0.99 and a lift coefficient
of 0.443. The senuspan aerodynamic load distribution has also been included for the
same Mach number and lift coefficient, Complete pressure data results for the present
investigation are contained in reference 5.

To aid in the analysis of the boundary-layer flow vatterns, photographs were taken
at selected test conditions of the wing npper and lower surfaces employing the fluorescent
oil film technique described in reference 8. Typical photographs for a Mach number of
0.99 are presented in figure 5,
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Corrections

Drag resalts presented herein nave been sdjusted to correspond to free-stream
siatic pressure acting in the balance chamuver and at the model base; however, no adjust-
ments to drag have been made for the internal fiow through the ducts, Results from more
recent investigations of the internal-drap and mass-flow charactenistics conducted in both
the Langley 8-foot transonic pressure tunnel and the Langley 16-foot transonic tunoel with
the same model are presented in figure 6, The results from the 8-{vot transonie pres-
sure tunnel are presented in figures 6(a) and () and a comparison of the results from
the 8-foot transonic pressure tunnel and the 16-foot transonic wnnel are presented
figure 6(c).

The internal drag and mass-flow ratios were determined from measurements of
the total-pressure distribution and the statae pressure in the duct oxit planes by use of a
rake consisting of ten pitot-pressure tubes and one static-pressure tube per duct, The
16-foot transonic tunnel internal-drag coefficients and mass-flow ratos were deternuned
for the Reynolds numbers shown in table IOI for that facility whereas the 8-foot transome
pressure tunnel internal-flow results were obtained only for the higher Reyvnolds numbers
listed in table HI for the 8-foat transome pressure tunnel,

The model support sting (with the exception of the offsev coupling) was designed on
the basis of the results in reference 9 to munimize sang iterference at near-some Mach
numbers,

The large size of the present model relative o the tunnel s1ee rases a4 question of
absolute accuracy of the results :t test Mach numbers approaching 1,00, Estimates have
indicated that solid blockane effects for the present model in the 8-fuot transonie pressure
tunnel are theoroticaily zero based on the results of reference 6, but there is sone ques-
tion as to the accuracy of this theory at sonic speed. No corrections, however, have Leen
applied to the data for either solid or wake blockage effects,

Corrections have been made to the measured angle of attack for model support sting
and balance deflectioas occurring as a result of aerodynanuce loads on the model and for
tunnel airflow angularity, For the 8-foot transonie pressure tunnel data only, further
corrections have been made to the measured angle of attack for the first-order boundary -
induced effects as caleulated from the theory of reference 10, This correction amounts
to a reduction in the measured angle of attack by 0.24 muluplied by the normal-fores
coefficient,

Boundary - Layer Transition

The model boundary -layer transition arrangements (desipnated herein as types 1,
II, and 1D that were used over the Mach number range for this mvestigation are deseribed
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in table IV, and the type I and type Il arrangements have been illustrated for the wing in
figure 7.

For Mach numbers 0,95 to 1.30, boundary-layer trips were located c¢n the wing and
the tail surfaces by using the technique descried in references 11 and 12 to simulate the
full-scale Reynolds number boundary-layer characteristics at the wing trailing edge and
the full-scale Reynolds nurnber shock location. This particular transiticn arrangemernt
has been designated herein as type I (see table IV) and is shown for the wing in figures 7(a)
and 7(b). It might be noted that the boundary-layer trips used on the wing upper surface
for the type I arrangement were located closer to the leading edge inboard of the
15.875 cm (5.25 inches) semispan station than the position which would be calculated
from referance 12 for this section of the wing. This more forward location was deter-
mined experimentally by using the fluorescent oil film technique (ref. 8) and was used to
prevent unnatural laminar separation from occurring ahead of the transition strip. It is
important to note that this type of separation would not occur on the full-scale airplane
since turbulent boundary-layer flow is usually established very clcse to the wing leading
edge at the full-scale Reynolds numbers,

For Mach numbers of 0.50, 0.80, and 0.90, the boundary-layer transition arrange-
ment which is designated type II was employed, and this pattern is shown in figure 7(c)
for the wing upper surface. The wing lower surface and the remainder of the model
boundary-layer trips were the same as those for the type I arrangement. The boundary-
layer trips on the wing upper surface ior the type II arrangement were located close to
the leading edge to prevent laminar separation from occurring ahead of the transition
strip. Again, such separation is unnatural in that it would not occur at full-scale
Reynolds numbers.

At a Mach number of 0.25, the type III transition arrangement was employed. For
this arrangement, all the model boundary-layer trips, except for the wing lower surface,
were located at 5 percent of the local streamwise chords. The houndary-layer trips on
the wing lower surface, however, were located at 45 percent of the local streamwise
chords in an effort to simulate the full-scale Reynolds number boundary-layer thickness
at the tower surface trailing-edge cusp.

For all test Mach numbers, boundary-layer trips of number 120 carborundum grains
were applied around the fuselage 3.81 cm (1.50 inches) aft of the nose and 1.27 cm
(0.50 inch) rearward of the inlet lip on both the inner and outer surfaces. All model
transition strips were 0.127 cm (0.05 inch) wide and were located by measurements taken
in the streamwise directions.

When employing the rewrward transition locations as calculated from reference 12
to simulate the full-scale Reynolds number boundarv-layer characteristics at the wing
trailing edge, transition must only occur at the prescribed trip locations, As a result, it
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is important to maintain the model region ahead of the boundary-layer trips in an
extremely smooth condition to prevent premature transition to turbulent flow. Further-
more, any appreciable separation of the laminar boundary layer ahead of the rearward

. transition strips could cause erroneous results and would thereiore comproinise the

original intent of simulating the full-scale Reynolds number boundary-laver character-

" istics at the trailing edge. For the present investigation, when taminar separation did
" occur at the relatively low test Reynolds numbers, the boundary-layer trips were moved

to a more conventional location near the wing leading edge., (Note wing uppe: surface for
the type II arrangement and the wing upper surface inboard of the 15.875 ¢m (6.25 inches)

semispan station for the type I arrangement.)

The more forward boundary-layer trips (at 0.05¢") were located and sized by the
procedures described in reference 13. Although Jocated as prescribed in reference 12,
the rearward boundary-layer trips were also sized by the procedures discussed in

reference 13.

PRESENTATION OF RESULTS

The results of this investigation are presented in the following figures:

Figure
Longitudinal aerodynamic characteristics:

Effect of Reynolds nuraber on the longitudinal aerodynamic characteristics.

3=00;6h=-2.50 ........ L T T T S S S S 8
Longitudinal aerodynamic characteristics for an extended angle-of-attack

range. B=00; 0h=-250 L ... e 9
Longitudinal aerodynamic characteristics for configuration 140 with the

horizontal tail off. B =00, . .. v v v i i i i ittt ot ot e e e 10
Longitudinal c.erodynamic characteristics for configuration 140 obtained

in the Langley 8-foot transonic pressure tunnel and the Langley 16-foot

transonic tunnel, =0 O =-2.50 . . . i o i it i i e 11
Variation with Mach number of the longitudinal aerodynamic character-

istics, B=00 i i ittt i e e e e s e e e e 12
Variation with Mach number of the drag coefficient at a lift coefficient

of 0,44, B=00; &, =-250, , . . . .. ... i e, 13
Effect of sideslip on the longitudinal aerodynamic characteristics,

= 14

611':"2.50tooaoonooatcoocto.olt.oool-vco'o.

Lateral-directional aerodynamic characteristics:

Effect of sideslip on the lateral-directional aerodynamic coefficients.

6h=‘2150cuotn-oq. ..... L T T e I N S S O I A ) 15
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Figure

Variation with Mach number of the lateral-directional aerodynamic
stability derivatives., 6p=-2.5°. . . . . .. v it i e, 16

Aerodynamic load results:
Streamwise-chord pressure distributions at a Mach number of 0,99
and a lift coefficient 0f 0.443 . . . v v o i v e b e e b i e e s e e 1T

Semispan aerodynamic lead distribution w1 a Mach number of 0.99
and a lift coefficient 0f 0.443 . . . . ¢ L v Lt e i i e i i e e e s e .. 18

DISCUSSION OF RESULTS

Effects of Reynolds Number and Aeroelasticity on
the Pitching-Moment Characteristics

At any Mach number, increasing the tunnel total pressure results in an increase of
both Reynolds number and dynamic pressure, For this reason, it is very difficult to study
their effects independently. The combined effects of increased Reynolds number and wing
aeroelastic deflection on pitch-up are more pronounced than their effects on the lift char-
acteristics as shown in figure 8.

For example, figure 8(a) indicates that the lift coefficient at which pitch-up occurs
for a Mach number of 0.25 is extended by approximately 0.09 when the Reyuolds number
is increased from 6.6 < 106/m (2 0 X 105/ft) to 10.2 x 106/m (3.1 x 106/ft). Unpublished
results for tests up to a Reynolds number of 30.6 x 106/m (9.3 x 106/ft) at a Mach num-
ber of 0,25 also indicate that the lift coefficient at pitch-up is further increased by similar
increments as the Reynolds number is increased.

As noted earlier, the effects described occur as a result of increases in both
Reynolds number and wing aeroelastic deflection. In an effort to distinguish between the
effects of Reynolds number and aeroelasticity, a second wing, constructed of aluminum
and therefore more elastic, was tested at tunnel pressures so that the aeroelastic deflec-
tions for both the steel and aluminum wings were approximately the same. Based upon
these results (unpublished), it appears that at the higher subsonic Mach numbers, Reynolds
number effects on pitch-up may be less predominant than the effects of acroelasticity for
the relatively high swept wing, although both tend to delay pitch-up as they increase.
Increased dynamic pressure results in increased wing loading and in greater wing twist.
This twist increment tends to unload or "wash-out' the wing tips and delays stall on the
region of the wing., Improved pi*ching-moment characteristics which are associated with
the effects noted are evident (sce fig, 8) at all the higher subsonic Mach numbers.
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Longitudinal Aerodynanmic Characteristics

Lift characteristics.- As shown in figure 9, although the lift-curve slopes decrease

at the higher angles of attack, a point of maximum lift is aot reached over the range of
these tests. The variation of lift-curve slope with Mach nummber is presented in fig-
ure 12(a). These slopes were takenr at angles of attack between 00 and 49, and it might
be noted that the curves are practically linear over this angle-of-attack range. Fig-
ure 12(a) indicates that the lifi-curve slopes increase up to Mach 1.0 and then decreuse
as the Mach number is increased above 1.9,

DPitching-moment characteristics.~ The variations with Mach numbe: of the longi-

tudinal stability derivatives, which were measured at angles of attack between 0V and 4°
and the pitching-moment coefficient at zero lift are presented in figures 12(b) and 12(<),
respectively. Although at the high Mach numbers the static margin increases consider-
ably as indicated by the more negative trend of CmcL, trim-drag penalties near the

cruise-Jiit coefficient are minimized tu 2 large extent by the pusitive trend of Cpyy o
with Mach number. Another important factor relating to the level of stability of the air-
craft is that the present data were computed about a center-of-pravity location of 0.25¢
whereas it is anticipated that the aircraft will fly with the center of gravity at 0.35¢,

As a matter of interest, the curve of Cp, o plotted against Mach number (fig, 12(c))
is for a configuration having a horizontal-tail angle of -2,5%, This configuration was
chusen hecause estimates have indicated that this tail angle would be required for trim
at the cruise Mach number and lift coefficient with the aircraft center of pravity located
at 0.35c¢.

With regard to the variation of pitching-moment coefficient with angle of attack, the
results for the extended angle-of-attack range are presented in figure 9. Although pitch-
up does occur at each Mach number, it is well beyond level-flight lift coefticients and all
the pitciing-moment curves become stable again as the angle of attack is increased beyond
the point of pitch-up. U published results from more recent wind-tunnel tests employing
the same model show that with the addition of underwing leading-edge vortex generators,
pitch-up is either eliminated or significantly reduced over the same angle of attack and
Mach number range for which data are presented herein. The higher angle-of-attack data
were obtained with an offsct-sting arrangement shown in figure 1() and the interference
effects associated with this support account for the slight misalinement with the lower
angle-of-attack results, Nevertheless, the agreement for these two sets of data obtained
with considerably diffecent sting arvangements is considered to be good,

Drag characteristics.- The variation of drag coefficient with Mach number at a Llift
coefficient of 0,44 (approximateiy the cruise lift coefficient) is shown in fipure 13, It
should be noted that the drag coefficients have not been corrected for internal drag; how-

e ] 5
ORIGINAT, PAGE IS 15

OF POOR QUALITY

i)

i

- _”‘—‘—-




’ i ‘ t
} \ T A Do Lo Lo ‘
' ) . -
Lo #| Lo | I {1
& x( _,‘“i ”‘V"(\ ’ ,‘-“‘; we ﬁ\x TR P : \
B I R L B *
L :. 3 ;: 4 i bl
BN ey v v v oI

ever, the internal drag coefficients and mass-flow ratios for the model are presented in
figure 6. Figure 13 indicates a drag-divergence Mach number of about 0.97 to 0.98 for
configurations 13€ and 140 (drag-divergence Mach number is defined as the Mach num-
ber where (SCD/GM) =0, 1). All drag values in figure 13 were selected from the higher
Reynolds number data for the results from the Langley 8-foot transonic pressure tunnel,

and the drag points at Mach numbers of 0.98 and 1.00 were obtained from limited-range e
drag polars which have not been included in this report.

In regard to the determination of drag-divergence Mach number, it should be pointed
out thai although the drag divergence for the complete configuration occurs at a Mach s
number of about 0.97 to 0.98, the oil-flow photographs of figure 5 and the pressure dis- P
tributions given in figure 17 for a Mach number of 0.99 indicate that the flow over the '
wing is still good, only a small degree of trailing-edge separation being evident. It was
conjectured that the drag divergence noted is associated with the overall configuration b
area distribution. Unpublished resulits verify this result in that improvement in the
overall area distribution through the use of area-rule, fuselage-side fairings resulted in
increases in drag divergence Mach number and clean wing flow characteristics at a Mach
number of 1,00 for lift coefficients of approximately 0.44, Figure 12(a) also substantiates
this result in that the lift-curve slope reaches a maximum near Mach 1.00.

e =
> .

Cq

The drag values for the horizontal-tail-off configuration shown in figure 13 were

taken at the angle of attack which corresponds to a lift coeificient of 0.44 for the same

horizontal-tail-on configuration. (See fig. 10.) For the corresponding angles of attack,

t

i

|
the lift coefficients for the horizontal-tail-off confisuration were only slightly different D
from 0.44 between Mach numbers of 0.80 and 1.00 (thatis, Cp,=0.42 at M =080 and . . l

CL =044 at M =1.00).
', . Based on unpublished data for several similar configurations, the drag results for i
A k configuration 136 at a Mach number of 0.80 (see fig, 13) appear to be in error. There- ) I
R IR IR fore, the drag point at a Mach number of 0.80 in figure 13 was faired on the basis of the ot
q & unpublished data and the drag polar at a Mach number of 0.80 for configuration 136 in fig- j 1‘ ‘
:"“ o ure 8 has been omitted, ‘ RE
‘; » ?3;’ 2:% \ A review of the summary results presented in figures 12 and 13 indicates measur- ;
E.2 R 4 able differences between the results obtained in the Langley 8-funt transonic pressure { -
%‘_ tunnel and i Langley 16-foot transonic tunnel, particularly in the M = 0.99 data. The
1 A4 od w agreement between the data at M = 0.95 is thought to be reasonably good (see fig. 11);
‘ however, the reasons for the differences in the results at a Mach number of 0.99 remain
vy uncertain. Although tests were conducted ia the two facilities at diiferent Reynolds num-
}k bers, the differences noted in figure 11 do not correspond with the effects of variation in
bRy Reynolds number as shown in figure 8, especially for the pitching-moment and lift
characteristics.
16 el




N

e e

. B L . T AP T C s gR S e, 2 yea
- K-S A e T TR TF Pt P gts P S S SR K
- e X S ) N - - " T 4 - t oA e P ~ [ a
= . .- e AL - N -
LS oy, .
o P I .. e Yl e oot vy, - e P
* < rame P Pl B .. v . - . PN 4 s oate gt e . . -
B e AP iz el 5 4 = AR PN L = - . I A . .
S 3 . M »] . N < " ~ £s - o - « .
] By A e =, 5 R I S SR R . e ST .
s oA 5 ot o % 2 . a I 1 N 2L, e R S
AL ; P - s e tas . T
= . . N T
- . N DA

POVEEU
-
et e
——

TS

Lateral-Directional Aerodynamic Characteristics

Figure 14 presents the eff=ct of sideslip angle on the longitudinal aerodynamic
characteristies for Mach numbers of 0.25, 0.95, and 0.99. Although some changes are
noted in the pitching-moment curves for the sideslip angles at which data were obtained,
the effect of variation in sideslip angle on the lift and drag characteristics is small,

The lateral-directional aerodynamic coefficients at sideslip angles of 0° and +2.5°
and for an angle-of-attack range that varied from -2° to 14° are presented in figure 15
for Mach numbers of 0.25, 0.95, and 0.99, The lateral-directional aerodynamic stability
derivatives (C 1 " Cn Y and Cy B) have been computed for angles of attack of 0°, 4°, and

80 and are presented in figure 16 for Mach numbers of 0.25, 0,95, and 0.99. Directicnal
stability and positive effective dihedral are indicated throughout the angle-of-attack and
sideslip-angle range for the three Mach numbers at which data are presented in figure 15,

Aerodynamic Load Results

As 2 matter of interest, the streamwise-chord pressure distributions at a Mach
number of 0.99 and a lift coefficient of 0.443 are given in figure 17, and the semispan
cerodynamic load distribution for the same Mach number and lift coefficient is presented
in figure 18, It might be noted that in figure 17, the 4.4-percent-semispan station is along
the fuselage and thereby accounts for the abrupt pressure changes, and the first 12 points,
which are unfaired, are located on the canopy. No appreciable separation on the wing is
indicated by these pressure data at this Mach number and lift coefficient. Complete-wing
pressure data results and analysis for tiis investigation are contained in reference 5.

CONCLUSIONS

The present wind-tunnel investigation of the basic aerodynamic characteristics of a
supercritical-wing research airplane configuration has shown the following resuits;

1. A drag-divergence Mach number of approximately 0.97 to 0.98 at a lift coefficient
of 0.44 is indicated for the complete configucation; however, oil-flow photographs of the
wing and wing pressure data indicate that the wing is still performing well at a Mach num-
ber of 0.99.

2. The combined effects of increased Revnolds number and increased wing twist
due to aerodynamic luad result in significant improvements in the pitch-up characteris-
tics, particularly at a Mach number of 0.25.

3. Notable increases in 1cugitudinal stability occur as the Mach number is increased
above 0,90. However, an atteadant increase in the positive values of pitching-moment
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coefficients at zero lift (Cm,o) results in a powerful compensating effect so that little
change in trim angle of attack occurs with increasing Mach number.

4, Both directional stability and positive effective dihedral are indicated throughout
the Mach number, angle-of-attack, and sideslip-angle range for which data were obtained
(M =0.25, 0.95, 0.99; 8 =0°, +2,50; and @=-20 to 149),

Langley Research Center,
National Aeronautics and Space Administration,

Haiupton, Va., November 29, 1971,
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TABLE I.- CONFIGURATION SCHEDULE

Configuration

6y, deg

B, deg

Transition

type

Mach number range

Wind tunnel

136
136
136
136

138
138
138

140
140
140

140

-2.5

'
Horizontal tail off
Horizontal tail off

0

0
+2,5
0, £2.5

EHt:zH

0.95, 0.98, 0.99, 1.00
0.50, 0.80, 0.90
0.95, 0.99
0.25

0.95, 0.98, 0.99, 1.00
0.50, 0.80, 0.90
0.25

0.95, 0.99

0.95, 0.99, 1,02, 1.20, 1.30

0.95, 0.98, 0.99, 1.00
0.50, 0.80, 0.90

8-ft TPT

'
16-ft TT
8-ft TPT
8-ft TPT

20

o SO ot A Sy " A S A o A At S, e et A @ o ae o= e =

R e

———




ookl Lo
v “ i -
.. .
.
o
; .
a }
Tosen L
N
: - . r‘{. —— ———_
H .v. — :
SO -
P N
. K - - — ﬁ
. - B i
i I
H Mr.l.'c,? .Iﬂw

[ S

kit

TARTE tE WiNG COURDINATER AL N STRFAMWINK ©HOoRI

Y Wing pantorm Sooninate faywut

0.104

158

£
)

— —
e - LT - o .
= - — - N
. - If}.f}'x’iu.l
e — e e
T e e e e L
.
A
&2 =~
23 "
=
~
r -
< 25
£z
Es
r-
£
G

w

A8

309

e

0

i oo .
S M EL T L L,

" ‘
i - . L S tangen TP -
o T
B Aaae N Y e A IR
i 7 YA e ———_ s e
\,» .p @ v\o \\. e - N .
N Ry % . +
Call) - oA A : - 32 =
E el s R P v
N T S AT
R A o e S g B
7 E I . L




PR

[

e b
JE———

.

TABLE II.- WING COORDINATES ALONG STREAMWISE CHORDS ~ Continued

Y .
- =0,104; c' =45.639 cm (18,047 in.
(b) b/ ; ( )
T F"“
z' /¢’ | z'/c' z'/¢'

x'/c Upper Lower x'/c Upper Lower x'/e Upper Lower
surface | surface surface | surface surface | surface

0 0.0379 0.0379 0.0240 | 0.0608 0.0133 0.0958 | 0.0777 | -0.0057
.00001 .0584 0373 .0250 L0613 .0128 .0979 .0781 -.0061
.00004 .0389 .0368 .0261 0617 0123 .1000 01784 -.0064
.00010 .0395 .0362 L0272 .0621 0118 .1022 .0787 -.0068
.0002 .0400 .0357 .0283 .0625 .0114 .1043 0790 -.0071
.0003 .0406 .0351 .0294 .0629 .0109 .1065 ,0793 -.0075
.0004 0411 .0345 .0306 .0633 .0104 L1087 0797 -.0078
.0006 0417 .0340 .0318 L0637 .0100 1110 .0800 -.0081
.0007 0422 | .0334 .0330 0641 .0095 1132 .0803 -.0085
.0009 .0428 i .,0329 .0342 .0645 .0091 L1155 .0806 -.0088
,0011 0433 | .0323 .0355 .0649 .0086 .1178 .0809 -.0091
.0014 0438 | .0318 .0368 .0653 .0082 .1201 .0812 -.0094
.0016 0444 : .0312 .0381 0657 .0078 1224 .0815 -.0097
.0019 .0449 ¢ ,0307 .0394 .0661 ,0073 .1248 0818 -.0100
.0022 0454 | 0301 .0408 .0665 .0069 1272 .0821 -.0103
.0025 .0460 | .0296 0421 L0669 .0065 .1296 0824 -.0107
.0029 .0465 | .0290 .0435 .0673 .0061 1321 0827 -.0110
.0033 .0470 .0285 .0449 0677 .0056 .1345 .0829 -.0113
.0037 04175 .0279 .0464 .0681 .0052 L1370 .0832 -.0116
.0041 .0481 .0274 .0478 .0685 .0048 .1395 .0835 -.0119
.0045 .0486 .0268 0493 .0688 .0044 .1420 .0838 -.0122
.0050 .0491 .0263 .0508 .0692 .0040 .1446 .0840 -.0125
L0055 0496 L0257 .0523 .0636 .0036 1471 .0843 -.0128
.0060 .0501 .0252 .0539 .0700 .0032 .1497 .0845 -.0131
.0065 .0506 ,0246 .0555 .0703 .0027 .1523 .0848 -.0134
0071 .0511 .0241 0571 .0707 .0024 L1550 .0851 -.0136
L0077 .0516 0236 .0587 0710 .0020 .1576 .0853 -.0139
.0083 0521 ,0230 .0603 0713 .0016 .1603 .0855 -.0142
.0089 .0526 .0225 .0620 0717 ,0012 .1630 .0858 -.0145
.0095 .0531 ,0220 L0637 0720 .0608 .1658 .0860 -.0148
.0102 0636 0214 0654 .0723 0004 .1685 .0863 -.0150
.0109 .0541 .0209 .0671 0727 0 JA713 .0865 -.0153
0116 .0546 .0204 .0689 0730 -.0004 L1741 .0868 -.01506
0123 .0550 ,0198 0707 L0733 -.0007 L1769 .0870 -.0158
0131 .0555 i .0193 0725 0736 -.0011 Jd797 0872 -.0161
L0139 .0560 .0188 0743 0740 -.0015 .1826 .0874 -.0163
0147 .0665 | .0183 0761 0743 -,0019 .1855 0877 -.0166
L0155 0569 | .0178 .0780 07417 -.0023 .1884 .0879 -.0168
.0163 0574 0172 0799 L0750 -.0026 .1913 .0881 -,0171
0172 0578 0167 .0818 0754 -.0030 .1943 .0883 -.0173
.0181 .0583 L0162 08317 0757 -,0034 .1973 .0885 -,0175
.0190 0587 L0157 .0857 .0760 -.0038 .2003 ,08817 -.0178
.0200 0591 L0152 0877 Q764 -.0042 ,2033 .0889 -.0180
.0209 L0598 L0147 .0897 L0767 -.0046 .2063 .0891 -.0182
0219 .0600 0142 0917 0771 -.0050 .2094 .0892 -.0184
.0229 ,0604 0137 L.0938 0779 -.005% 2125 .0894 -.0187
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Eon S
':L”y’%‘ S (b) /2 =0,104; c' = 45.839 cm (18.047 in,) — Concluded
Nl “ K P
R z'/c z'/c'
N
EXR x'/c Upper Lower x'/e Upper Lower
;}' P ' surface surface surface surface
' 0.2156 0.0896 -0.0189 0.3833 0.0876 -0.0238
2187 .0897 -.0191 .3875 .0873 -.0238
2219 .0899 -.01923 .3917 .0871 -.0238
,2251 .0900 -.0195 .3959 .0868 -,0237
.2283 .0902 -.0197 .4001 .0865 -.0237 |
2315 .0903 -.0200 .4044 .0861 -.0236 |
.2348 .0905 -.0201 .4087 .0858 -.0235 |
.2380 .0906 -.0203 .4130 .0855 -.0234
2413 .0907 -.0205 4173 .0851 -.0233 |
2446 .0908 -.0206 4217 .0848 -.0232 i
.2480 .0909 -.0203 .4261 .0844 -.0230 !
2513 .0910 -.0210 .4305 .0841 -.0230 |
.2547 .0911 -.0212 .4817 .0793 -.0209
.2581 .0911 -.0213 .5515 .0726 -.0155 |
2616 10912 -.0215 .6095 10669 -.0095 |
.2650 .0912 -.0216 .6591 .0617 -.0035 |
.2685 .0913 -.0218 .7023 .0571 .0018
2720 .0913 -.0219 .7406 .0530 .0065
21755 .0813 -.0220 7748 .0493 .0105
.2791 .0913 -.0222 .8057 .0454 .0135
RIR .0913 -.0223 .8341 .0414 .015",
.2862 .0913 -.0224 .8602 .0374 .0168
.2898 .0913 -.0225 .8843 .0336 .0170
.2935 .0012 -.0226 .9068 .029¢9 .0163
2971 .0912 -.0227 9277 ,0265 .0153
.3008 .0912 -.0228 .9474 .0232 .0140
.3045 .0811 -.0229 .9659 ,0196 .0124
.3082 .0910 -.0230 .9747 .0178 .0115
.3120 .0909 -.0231 .9833 .0159 .0103
.3157 .0908 -.0232 .9943 .0132 .0088
.3195 .0907 -.0232 .9966 .0126 .0085
.3233 .0906 1.0000 .0080
3272 .0904
.3310 .0903
.3349 .0901
.3388 .0900 |
.3428 .0898 =,
.3467 .0897 {
' .3507 .0895 .
. .3547 .0893 -.0238 !
.3587 .0891 -.0238 ||
.362% .0888 -.0239
.3668 .0886 -.0239
.31709 .0884 -.0239
.3750 .0881 -.0239
.3791 .0879 -.0239 |
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n: %’-ﬁ@ TaBLE II.- WING COORDINATES ALONG STREAMWISE CHORDS -~ Continued
o SR B
b T Bt J_=0.158; c'=36.873 cm (14.517 in.
= ““;{: i (c) ) 58; 36.873 cm (14.517 in.)
P :‘ ‘4'3 g Z'/’C' Z'/IC' z!/cv
g ;t~)49”‘:‘ v ' [ ' ) ' '
=y x'/e Upper | Lower x'/c Upper | Lower x'/c Upper | Lower
ol o7 surface | surface surface | surface surface | surface
'*'-f} 0 0.0384 - | 0.,0384 0.1373 | 0.0834 | -0.0104 0.2747 | 0.0881 | -0.0191
i .0030 0472 0294 .1403 .0837 -,0107 2776 .0881 -.0191
:'“1 .0060 0507 0257 .1433 .0839 -.0110 .2806 .0880 -.0192
g .0090 0533 .0229 .1463 .0842 -.0113 .2836 .0880 -.0193
99 0119 .0554 .0206 .1493 .0844 -.0116 .2866 .0879 -.0194
vk .0149 0572 .0186 .1523 .0846 -.0118 .2896 .0879 -.0194
bEa 0179 .0588 .0168 .1552 .0848 -.0121 2926 .0878 -.0195
o 0209 0602 .0152 .1582 .0851 -.0124 2955 .0878 ~.0196
R .0239 0615 0137 1612 .0853 -.0127 2985 0877 -.0196
2 .0269 .0626 0124 .1642 .0855 -.0129 3015 .0876 -.0197
35 .0299 .0636 0112 .1672 .0857 -.0132 3045 .0876 -.0197
By .0328 .0646 .0100 L1702 .0859 -.01385 3075 .0875 -.0198
'lJf‘- .0358 .0656 .0090 L1732 .0860 -.0137 3105 0874 -.0198
% .0388 0665 .0079 .1761 .0862 -.0139 .3828 .0845 -.0192
'f'"? 0418 0674 .0070 1791 .0864 -.0142 .4600 .0802 -.0158
ki .0448 .0683 .0061 .1821 .0865 -.0144 .5245 .0761 -.0125
- .0478 .0691 .0053 .1851 .0867 -.0146 ST97 0721 -.0068
b .0508 .0698 | ¢ .0045 .1881 .0868 -.0148 6279 0681 | -,0021
o 05317 0706 .0037 .1911 .0869 -.0151 6707 0642 0027
.0567 0713 .0029 .1941 L0871 -.0153 .7095 0605 0071
.0597 0719 .0022 190 .0872 -.0155 1447 .0568 0114
0627 0726 .0015 2000 .0873 -.0157 L1769 .0533 .0153
0657 0732 .0008 2030 0874 -.0159 .8066 .0501 | .5183
0687 .0738 .0002 .2060 0874 -.0161 .8341 .0470 .0205
0717 0744 | -,0005 .2090 | .0875 -.01€62 .8596 .0438 0219
.0'746 L0750 -.0011 | .2120 .0876 -.0164 .8836 .0402 .0225
0776 0756 | -.0017 2149 0877 -.0166 9075 .0368 .0225
.0806 0761 -.0022 2179 0877 -.0167 9318 .0333 0220 !
.083¢ .0766 | -.0028 .2209 .0878 -.0169 .9548 0295 .0207 |
.0866 0711 -.0033 .2239 .087¢ -.0170 L9663 ' ,0276 0199 |
.0896 0775 -.0038 l 2269 0879 -1T72 9776 | 0255 } 0190 |
.0925 .0780 | -.0043 .2299 .0879 -.0174 .9924 .0226 0174
:0955 | .0784 | -.0048 | | 2320 | 0880 | -.0175 || .9955 | .0220 | .0170
.0985 0789 -.0052 l .2358 .0880 -.0176 1.0000 ‘ 0164
1015 .0793 -.0057 .2388 .0881{ -.0178 ’
.1045 0797 -.0061 0418 08451 -.0179 |
.1075 .0801 | -.0066 .2448 0882 -.0180 |
.1105 .0804 | -.0070 .2478 .0882 -.0182

1134 | .0808 | -.0074 | . 2506 | .88z | -0183 |
.1164 | 0811 | -.0078 |, .2538 | .0882 | -.0184 ||
1194 | 0815 | -.0082 || .2567 | .0882 | -.0185
1224 | 0818 | -.0085 | | .2507 | .0882 | -.0186
1254 | 0821 | -.0090 || .2627 , .0882 | -.0187
(1284 | 0825 | -.0093 || .2657 | .0882 | -.0188
1314 | 0828 | -.0097 || .2687 | .0882 | -.0189
.1343 | 0631 | -,0101 || .2747 | .0881 | -.0190 | [ L
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e TABLE IL.- WING COORDINATES ALONG STREAMWIS:. CHORDS — Continued
e P
s
B 5 () - - 0.232; () —— = 0.309: () —— = 0.386:
AR - b/2 b2 L
mdq ¢' = 26.355 em (10.376 in.) ¢' = 20.808 cm (8.192 in.) ¢' = 18,654 cm (7.344 inl)
24
]
Kok IR 3
R0t SR - T e e A —
LG , S B T o A
\‘ e 15 x'/¢" | ypper | Lower L X upper | Lower X/ Upper ! Lower g
Wi SE surface | surface  surface | surface | P surface | surface
wi b el S T 4+ :
R B 0 0.0378 | 0.0378 | ' 0 . 0.0318 ' 0.0318 ! '© L 0,0205 | 0.0255
E N 4 .0006 | .0420 | .0336 | . .0004 6 .0349 ' .0288 | 0002 | 0282 | .0229
2 .0028 | .0471 | .0284 0018 | .0385 ° .0251 | | .0013 | .0314 | .0196
e .0055| .0507 | .0246 | . .0035: .0411 ' .0224 , | .0025| .0337 | .0173
B .0096 | .0545 | .0206 .0062 . .0439 | ,0196 ' 0044 | 0361 | .0148
o 0150 | .0581 | .0167 | . .0097. .0465 ' .0169 : | .0C59 | .0384 , .0124 |
L 0204 | .0607 | .0186 | . .0131. .0486 - 0147 = | .0094 | .0402 | .0106
i 0335 0654 | .0080 ' ° .0217; .0529 ! 0107 | | .0156 ' .0435 | .0074 |
A .0648 | .0723 | © || 04261 .0597 | 0046 © ; .0310  .0492 | 0024 |
e 0942 1 0764 | -.0045 | ¢ 0626 .0642 , .0007 .  .0462 | .0532 ! -.0010 :
oy | 12181 u792 | -.0078 | . .0819 ¢ .067T7T . -.0020 ; | .06i3 ' 0563 - -.0037
A3 | 1727|0826 | -.0109 1186 © 0725 | -.0063 .0911 | .0610 . -,00%6 |
Rt 21841 0843 | -.0130 | . ,1530 .0758 ° -.0091 . J204 © 0646 -,0103 |
Y .2987 | .0850 | -.0140 | . .2174. .0804 ' -.0117 | .1777| .0697 . -.0129 |
i 3683 | .0859 | -.0128 : . .2770 . .0828 ' -.0122 | 2334 .0728 ' -.0141 |
4293 | 0847 | -.0105 | . .3329° 0837 ' -.0117 . | .28%6 ; .0750 . -.0139 ;
4835 | .0827 | ~0077 | , .3857. .0838 | -.0102 3405 0765 \ -.0120
| .5322 | .0805 : -.0044 ©  .4362  .0833  -.0081  .3922 0713 -.0111
| 5764 0780 ' -.0007 ~ .484c  .0822 ' -.0054 4430 0775 -.0088
6174 | 0751 ' 0033 | - .5318  .0807 -.0020 A927 0775 -.0053%
65751 .0725 | .0081 ' - 5781 .0794 , .0023 | .5417: .0773  -.0017
6962 | 0699 = 0129 : . .623¢ .0780 , .0076  .5898  .0768 ' .0034
7335 ! L0669 ' 0178 | . 6682 ,0763 ! .0139 ; .6373  .0760 : .0099
7694 | 0641 | .0228 | . 7120 .0745 . .0209 . .6842  .0749 , 0179
8043 | 0611 | .0273 | - 7549 0722 . ,0283 ¢ 7306 .0733 ; .0266 !
8382 | .0579 ; .0%10 | | .7972 0696 & 0353  : .7765 . .0712  .0355 °
& ¥ 8713 .0544 ¢ .033¢ | . .8388 ' .0665 , .0408 ' .8220 .0688 = .0427
' .9038 | .0506 = .0347 ; : .8799  .0628 ; .0441 = | .BET1 0655 . .0471 :
3 93611 0461 | .0346 @ ! ,9204 0582 = .0449 ' | 9118, .0610 = .04bl
o 9522 1 0438 | .033v | . .9404 0554 0441 © 9711 0582 ; 0471
g (9683 | L0414 | .0329 . . .9604 . .0523 . .0424 | .9562 : .0549 . 0448
2 .9893 | .0381 | .0308 . . .9866 : .0475 | .0385 i ' .9852 1 .0495 . .0397
% 9937 | 0374 | 0302 | . .9921 ! .0464 | .0374 9913 | 0462 ;| .0383 !
1 lreooo| T | e2ss , | 10000 | | -o3s8 | |10000] " | lo3ed
¥
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"= 12,537 cm (4.936 in.)

< l .

TABLE II.- WING COORDINATES ALONG STREAMWISE CHORDS — Continued

() - =0.464; (h) - =0.541; (i) -1 =0.580;
b/2 b/2 b/Z

¢' = 16.231 cm (6.390 in.)

o
ST Y
A 1
f—-——,&q—w‘lb.—__.
r N ".7.‘
= ———
- —
DU T
et e
PPV
1
T —— ~
»— ]
T e e
—

¢' = 15.624 cm (6.151 in.)

zt/cl Z'/C' Z'/C'

x'/e Upper | Lower x'/c Upper | Lower x'/c Upper | Lower
surface | surface surface | surface surface | surface

" 0.0193 | 0.0193 0 0.0122 | 0.0122 0 0.0082 | 0.5082
.0002 .0218 0168 .0002 .0146 .0097 ,0002 .0106 .0058
.0012 .0248 0137 0011 0175 .0068 .0011 0135 .0029
.0023 0270 0115 .0023 0197 .0046 .0023 .0156 .0008
0041 .0294 0091 .0040 .0219 .0023 .0040 0178 | -.0015
.0064 0316 .0068 .0063 .0240 .0001 | .0063 0199 | -.0037
.0088 .0332 .0051 .0086 0257 | -.0015 .0086 0216 | -.0053
.0146 0367 .0020 .0143 .0289 | -.0046 .0143 ,0248 | -,0082
.0291 .0420 | -.0029 .0286 0343 -.0093 .0286 0301 | -.0127
0435 ,0459 | -.0062 .0429 0380 | -.0123 .0429 0340 . -.0157
0578 .0488 | -,0087 .0570 0410 | -.0145 0570 0369 | -.0178
.0862 .0530 | -.0122 ,0852 0454 | -.,0177 .0852 0414 | -.0207
.1143 0FG61 -.0145 L1132 0488 | -.0198 L1137 0450 : -.0226
L1697 0610 ! -,0170 ,1686 .0540 | -.0215 [ .1686 .0504 | -.0241
2241 0646 | -.0177 .223% .0578 | -.0218 2232 | .0545 | -.0241
276 L0673 -.0173 27170 0608 | -.0211 27700 0577, -.0230
.3304 0694 | -.0161 .3300 .0633 | -.0195 .3300 .0603 -,0214
.3824 0707 | -.0144 .3823 0854 | -,0173 .3823 0626 | -.0191
.4338 0720 | -,0119 .4338 0672 -.0147 .4338 0646 | -.0163
.4846 0729 | -.0085 .4846 .0686 | -,0112 .4846 .0662 -.0126
5347 0734 -,0045 .5347 0694 | -.0u69 0347 L0673 -,0082
.5841 01735 .0008 5841 .0700 | -.0013 5841 0681 -.0025
6329 ,0732 0075 .6329 .0704 .0055 6329 .0687 .0045
.6810 0725 0156 ,6810 .0702 0141 .6810 .0688 L0129
7284 0714 .0250 .7284 ,0696 .0235 .7284 .0686 .0225
L7752 .0700 .0341 L1752 .0683 0326 L1752 0676 .0318
82131 0811 .0416 .8213 .0663 .0402 .8213 .0656 .0395
.8669 1646 .0464 .8669 .0635 .0452 .8669 .0628 .0444
9118 .0603 0476 9118 .0592 .0463 9118 .0586 | .0455
9341 0518 .0464 L9341 .0565 .0452 L9341 .0559 .0445
.9562 .0542 .0438 .9562 .0531 04217 .9562 ,05¢5 l .0421
.9852 .0487 .0388 .9852 04175 0376 .9782 0484 | .0485
.9913 0474 .0374 L9913 0462 .0362 9913 .0454 .0354
1.0000 .0352 1.0000 0339 1.0000 ,0331
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TABLE 11.- WING COORDINATES ALONG STREAMWISE CRORDS ~ Continued

() L =0.618;
h/2

c' = 15,019 em (5.913 in.)

2!/¢!
st St T
x'/¢ Upper | Lower
surface | surface
] IR S
0 0.0043 | 0.0043
.0002 | .0066 | .0019
00121 ,0095 | -.0010
00231 ,0116 | -.0031
.0040 | .0138 | -,0053 !
0063 | .0158 ! -.0075 !
0143 | .0205 | -.0119 |
02821 .0259 | -.0164 |
0429 | .0298 | -.0194 |
0570 | 0328 | -,0213 |
.0852 | .0374 | -.0239 |
132 0411 | -,0255
1686 | .0467 | -.0268 |
2232 | .0509 | -.0265 |
2770 | 0543 1 -,0251 |
.3300 | 0571 | -.0233 |
{
3823 | L0507 | -.0200 |
43381 .0618 | -.0180 j
4846 | L0637 | -.0142 |
5347 0650 | -.0097 |
5841 ] L0661 | -.0039 |
6320 1 ,0660 | .0033 |
6810 [ .0673 | .0117 |
7284 | 0672 | .0216 |
1752 | L0664 | .0308 |
8213 | .0647 | .C38y !
8669 | ,0620 | .0437 |
O118| 0579 | .0446
9341 | .0551 | 0436
9562 { .0518 | .0414
9782 | 0476 | 0376
9913 | .0445 | .0346
| 1.0000 0322

(k) L = 0.657;

b/"2

¢’ = 14,412 ¢m (5.674 in.)

dl/cv T
x'/e Upper | Tower
surface | surface
0 0.0002 | 0.0002
0002 0025 | ~.0022
0011 .0054 | -.0050
,0023 0074 | -.0071
0040 0096 | -.0093
0063 0116 | -.0114
.0086 L0131 | -.0129
0143 0162 | -.0160
L0286 0218 | -.0201
0429 L0256 | -,0230
0570 1 .0287 | -.0250
0852 L0333 | -.0273
L1132 0370 | -,0286
1686 0428 | -.0294
2232 0472 | -.0289
2770 0507 | -.0274
3300 L0538 | -.,024/3
3823 0564 | -,0229
4338 0588 | -,0199
L4848 0608 | -.0159
5347 10626 1T -,0112
S840 T ,0030 | -,00563
6320 1 L0650 | L0018
6810 0656 L0106
7284 L657 0205
J1152 L0650 02917
8213 0636 0374
.86 G 0610 L0425
9118 0570 0436
RIRT'S 0543 0426
0562 Ouc? ,0404
.5762 0467 0367
9813 0436 0336
1.0000 i L0312
MBI

)

h/2

A 0.696;

¢' = 13.807 cm (5.436 in.)

.0002
G011
.0023
0040
0063
0086
0143
0286
0429
0570
.0852
.1132
. 1686
L2232

L3300

A823
4338
L4846
D347
D841
0329
L810
7284
1752
821
8668
O118
D341
9562
9782
9913
L1.0000

T

27170 |

,,_N_QM#;V_,ﬁ.,_T
z'/c!

el R
Upper FI;;NPF
surface | surface
~-0.0041 | -0.0041
-.0018 ~. 0064
SIS -.0092
L0031 | -.0112
0052 | -.0134
0072 1 ~.0155
0087 | -.0170
01191 -,0201
D175 1 -.0241
L0214 -,0266
0244 ¢ -,0285
0291 1 -.0306
L0328 | -.0318
.0388 -.0325
0434 - 0317
0469 | -.0299
0503 1 ~.0277

!

0630, -,02561
LO8RT 1 0219
{0579 | -.0178
PL0600 0 -.0129
O616 1 -,0069
627 0004
L0630 L0003
0640 0191
L0636 1 ,0284
0623 | L0360
0599 | L0411
05669 ;0424

L0532 L0414

0498 0393 |
0457 L0357
0426 L0324
L0302
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(m) -3 =0.734;
b/2 ’

c¢' = 13,200 cm (5,197 in,)

(n) ¥ =0.773;
b/2 ’

¢' = 12,596 cm (4.959 in.)

TAELE II.- WING COORDINATES ALONG STREAMWISE CHORDS — Contirued

(0) - =0.812;

b/2

c' = 11,989 cm (4.720 in.)

z'/c' z'/c' z'/c’

x'/e Upper | Lower | x'/c Upper | Lower x'/e! Upper | Lower
surface | surface surface | surface surface , surface

0 -0.0085 | -0,0085 0 -0.0128 | -0.0128 0 -0.0173 ' -0.0173
0002 -.0063| -.0108 0002 -.0106! -.0151 .0002 | -.0151"' -.,0196

0011 -.0035| -.0136 0011, -.0078 | -.0178 0011 -.0124 | -.0223

0023 -.0015, -.0156 .0023 | -.0059 | -.0198 0023 | -.0105; -.0242

.0040 0006 | -.0177 0040 | -.0038 | -.0219 .0040 | -.0085 | -.0263

.0063 L0025 | -.019% 0033 -.0019 1§ -.0239 0063 ! -.0066 | -.0282

.0086 0041 | -.0212 0086 -.0002 | -.,0253 .0086 ! -.0049 | -.0296

.0143 0074 | -.0239 .0143 .0029 | -.0282 .0143 | -.0013 | -.0325

.0286 L0130 | -.0282 .0286 .0083 | -.0322 .0286 .0035 | -.0363

.0429 0170 { -.0305 .0429 0121 | -.0344 ,0429 .0073 | -.0384

.0570 0199 | -,0321 0570 .0151 | -,0361 .0570 .0104 -.0400

.0852 0246 | -.0340 .0852 0199 | -.0377 .0852 .0153 -.0416

.1132 0285 ; -.0352 .1132 .0241 | -,0387 .1132 0194 | -,0425

.1686 0347} -.0357 .1686 .0305 | -.0389 .1686 L0258« -,0425

2232 .0394 | -.0347 .2232 .0353 | -.03717 .2232 0309 ' -.0411

2770 0432 | -.0327 2770 0393 | -.0356 2770 L0352 | -.0388

3300 0467 . -.0304 .3306 ! ,0430 | -.0332 .3300 .0389 | -.0362

.3823 L0497 | -.0274 .3823 .0461 | -.0300 .3823 .0422 | -.0329

.4338 0525 | -.0240 .4338 .0491 | -.0263 .4338 0454 | -,0288

.4846 ,0550 | -.0198 .4846 0518 | -.0220 .4846 0482 | -.0244

5347 05672 | -.0148 .53417 0541 { -.0169 .5341 .0506 ' -.,0:91

.5841 ,0590 | -.0086 5841 05611 -.0105 .5841 .0528 | -.0127

.6329 0603 | -.0012 .6329 0578 | -.0031 ,6329 .0548 | -,0052

.6810 .0614 00717 .6810 .0590 .0058 .6810 , .0561 , .,0037

.7284 .0620 0174 .7284 .0596 0154 | .7284 ' .0570 | .0133

L1752 0619 .0268 L1752 .0598 .0249 J152 | L0574 1 L0227

8213 .0608 .0345 .8213 .0590 ,0328 8213 .0568 i .0306

.8669 .0587 .0396 .8669 .0569 .0378 .8669 .0548 | .0357

9118 .0546 .0409 9118 .0531 ,0393 9118 0514 , .0374

9341 .0520 .0400 .9341 .0505 .0384 .9341 .0489 ; .0366

,9562 .0485 .0379 ,9562 ,0471 .0364 .9562 ,0455 | ,0347

.9782 .0445 .0344 .9782 .0431 .0330 9782 L0414 i 0314

L9913 .0414 0314 .9913 .0398 .0301 .9913 .0382 | .0286

1.0000 .0290 1.0000 02176 1.0000 L0261
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®) — =0.850;

b/2

c'=11.382 cm (4.481 in.)

(@ -L-=0.935;
b/2

¢' = 10,051 cm (3.957 in.)

TABLE II.- WING COORDINATES ALONG STREAMWISE CHORDS - Concluded

(r) - =0.968;
b/2

c' = 9,467 cm (3.727 in.)

z'/c ! z'/c z'/c'
x'/c Upper | Lower x'/c Upper | Lower x'/e! Upper | Lower
surface | surface suriace | surface surface | surface
0 -0,0221 1 -0,0221 0 -0.0330 | -0.0330 0 -0.0382 | -0.0382
0002 | -,0199| -.0243 0002 | -.0309 ] -,0352 0002 | -.0362!| -.0405
L0011 | -.0172 | -.,0270 0011 | -.0283| -.” .8 0011 -,0339( -.0432
0023 | -,0153 | -.0289 0023 | -.0264 | -,us97 0023 | -.0321| -.0450
0040 | -.0133| -.0309 0040 | -.0245 | -.0415 .0040] -.0301| -.0467
0063 | -.01i5| -.0328 0063 | -.0227 | -.0434 0063 -.0282 | -.0484
.0086 | -.0099| -.0342 0086 | -.0213 | -,0448 .0086 ! -,0266| -.0497
.0143 | -.0068! -.0368 0143 | -.0185| -.0473 0143 | -.0235| -.0522
.0286 | -.0014| -,0405 0286 | -.0133 | -.0509 .0286| -.0180| -.0558
.0429 0025 -,0425 0429 | -.0094 | -.0532 0429 | -.0410| -.0580
0570 0057 | -.0440 05701 -.0064 ] -.0549 0870 { -.0108 | -.0598
.0852 0105 | -.0458 0852 | -.0014| -.0568 .0852 | -.0057| -.0618
.1132 0144 | -,0467 .1132 0026 | -.0574 JA132) -.0014| -.0622
.1686 0208 | -.0465 .1686 .0090 | -.0568 .1686 0052 | -.0611
2232 0261 -,0448 2232 0143 | -.0546 2232 0102 | -.0590
2770 03041 -.0424 L2770 0189 | -,0519 2770 0147 -.0560
.3300 0344 | -,0394 .3300 0231 -,0481 .3330 0188 | -.0521
.3823 03791 -.0361 .3823 0271 -.0441 .3823 0230 | -.0478
.4338 | 04111 -.0318 .4338 0307 | -.0395 .4338 .0268 | -.0428
.4846 0440 | -,0271 .4846 0340 | -.0343 .4846 0303 | -.0373
.53417 0466 | -.0217 5347 0371 -.0287 5347 .0338! -,0314
5841 0493 | -,0153 .5841 04011 -,0221 5841 0368 | -.0247
.6329 0513 | -.0077 .6329 0426 | -.0141 .6329 0395 | -.,0166
6810 | .0529 0014 .6810 .0447 | -.0050 .6810 04171 -,0075
1284 .0541 0109 7284 .0465 1043 .1284 .0434 0015
102 05417 .0202 L1752 0471 0135 1752 .0446 0101
8213 .0542 .0282 8213 0477 L0215 8213 .0453 .0185
.8669 .0526 ,0334 .8669 .0468 0274 .8669 .0448 .0248
9118 .0494 .0353 9118 0441 .0299 9118 0425 .0278
4341 .0469 03417 9341 .0419 ,0295 .9341 .0403 .0274
9562 .0438 .0329 .9562 .0393 02717 9562 .0374 .0258 .
9782 0397 .0296 .9852 0342 0233 .9852 .0322 0215
.9913 .0367 0269 9813 0330 0221 9913 0310 .0203
1.0000 .0246 1.0000 .0202 1.0000 .0184
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TABLE II.- TUNNEL-TEST CONDITIONS

(a) SI Units

- LR PO U

"2

g e e

B

et e

— e e e

. e . . .. B e
e e ok e e i e S
e o - .

Mach Pt a0 N/m2 q, N/m2 R/m
number g o ppr | 16-ft TT | 8-ft TPT | 16-ft TT | 8-ft TPT 16-ft TT
0.25 131 958 5 506 6.6 x 106
.25 203 012 8 523 | 10.2
.50 105 528 | 15561 ¢ 9.5
.50 162 314 23 940 | 14.4
.80 105 911 31 122 13.1
.80 162 984 47 880 20.0
.90 92 840 31 122 12.1
.90 142 827 47 880 18.4
.55 81 301 101 506 28 728 35 384 10.8 13.1 x 106
.95 125 063 44 193 16.4
.98 79 050 28 728 10.5
.98 121 568 44 193 16.1
.99 78 332 101 506 28 728 36 676 10.5 12.8
.99 © 120 515 44 193 16.1
1.00 77662 | 28 728 10.5
1.00 119 509 44 193 16.1
1,02 ' 101 506 317 586 12.8
1.20 101 506 41 560 12.8
130 { | o1s06 | | 42661 | ] 12s
. JRIGINAL PAGE IO

O POOR QUALITY

30 ~ o BSIRTNRPE




f ;
3’ l | |
.‘{“" ;: i }L.v

TABLE II.- TUNNEL-TEST CONDITIONS ~ Concluded

(b) U.S. Customary Units

Mach Py 0 1b/sq ft q. /sq it R/ft
number [ g ¢ vpr | 16-ft TT | 8-ft TPT | 16-ft TT | 8-ft TPT | 16-ft TT |
0.25 21756 115 | 2.0 x 106
.25 4240 178 3.1
.50 2204 325 2.9
.50 3390 500 4.4
.80 2212 650 4.0
.80 3404 1000 6.1
.90 1939 650 3.7
.90 2983 1000 5.6
.95 1698 2120 600 739 3.3 ' 4.0 x 106
.95 2612 923 5.0
.98 1651 600 3.2
.98 2539 923 4.9
.99 1636 2120 600 766 3.2 3.9
.99 2517 923 4.9
1.00 1622 600 3.2
1.00 2496 923 4.9
1.02 2120 85 3.9
1.20 2120 868 3.9
1.3 2120 891 3.8
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TABLE IV.- BOUNDARY-LAYER TRANSITiCN LOCATIONS AND CARBORUNDUM

GRAIN SIZES FOR THE WING AND TAIL SURFACES

Model component

streamwise chords, c')

Location (percent of

Carborundum grain size

Type 1

Mach numbers: 0.95, 0.98, 0.99, 1.00, 1.02, 1.20, 1.30

Wing upper surface
Wing lower surface
Horizontal tail
Vertical tail

See fig. 7(a)
See fig. 7(b)
31
31

See fig. (a)
See fig. 1(b)
120
120

Type II

Mach numbers:

0.50, 0.8C, 0.90

Wing upper surface
Wing lower surface
Horizontal tail
Vertical tail

See fig. 7(c)
See fig., T(b)
31
31

See fig. 7(a)
See fig, 7(b)
120
120

Type IO

Mach nunﬁber: 0.25

Wing upper surface
Wing lower surface
Horizontal tail
Vertical tail
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Figure 2.- Photographs of 0.087-scale wind-tunnel model.
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Figure 2.~ Concluded.
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ag and mass-flow characteristics.

-foot transonic pressure tunnel.

Model internal dr

in Langley 8

Figure 6.-

(a) Variation with angle of attack of internal-drag coefficient as measured
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(b) Variation with angle of attack of average mass-flow ratio of ducts as measured
in Langley 8-foot transonic pressure tunnel.

Figure 6.- Continued,
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(c) Comparison of internal drag and mass-flow characteristics

at selected angles of attack.

T >
my.ﬁxw..mnwwm&\%u ‘

Figure 6.~ Concluded,
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No.F20 carborundum grains.—

114.78)
22.50
{57.18)

No.I00 carborundum grains

)
. 1 - -

No.90 carborundum grains .

"y
No. 90 carborundum gromns . _ / 7/ ;
’ e | 890 [
- {2159} i
6.25 | ;
(15.88) H
2.0015.08) R Y VU I
Mode! station
29.81(75.72)

(a) Type I; wing upper surface. M = 0.95 to 1.30.

3 - -
77
No. 120 corborundum gromns——_ ///, ; ;
i
N~ S
I I I
I" ’
r/ '
No.l0O carborundum grains S \ 22}.50

. . |
. / '
. |
PRI 10.50 !
Sude of fuselage . . 126.671
P S . i
-\wﬁ A ' !
. .. t i

(b) Types I and 1; wing lower surface. M = 0.50 to 1.30.

08¢’ o
ST
s '
//(
’ 1
L
|
#
08¢¢ /’ 22.80
¢ Y ' I
05¢ \ N /.'/ . No. 180 carborundum grains
o8, N A ’ v '
s A ’)/ ) ! No.150 carborundum qrains
05¢ | Vo '
\ 5.506.90(17.53)
h (13.97); .
v 2.10(5 3!5) Vi) e
AR B Y T A -

(c) Type II; wing upper surface. M = 050 to 0.90.

Figure 7.- Wing type I and type II boundary-layer transition arrangements,
Dimensions are shown in inches and parenthetically in centimeters,
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